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A my gdala Ne u r o n al Re spo n s e sto Prepuls e
lnhibitio ndtlrl ng RatStattle Beha vior.
●
M a s aji Fukuda
A bstr a ct
Prepulseinhibitio n, a phen o m e n o nin which a w e･ak pr e- stim ulu s s u･p pre s s esthe sta rtle
r espo n s eto a ninte ns enois e stim ulu s, is dis r upted bylesio n s of limbic c o rticalstru ctu r e s
in cluding a my gdala ･
/In the pr es ept study, n e u r o n ala ctivityin r at a my gdala w a s r e co rded
to cla rify c o ntributiわn s ofthe a mygdalain the pr epulseinhibitio n of a sta rtle behavio r.
T he he ad of･ e a ch a nim al w a sfix ed chronic ally ln a Ste r e Ota Xicfr a ln ein apainles s state,
a nd n eu ron al a ctivity
･
of a my gdala w a s ste r e ota xically r ec o rded in the beha ving a nim al.
Sta rtle r espo n s ein beha vior wa s s up pre s s ed to pr epuls etrials e v e nin the he ad-fixing
a w ake c o ndition a s-w ella sin the fre e m o vl ng c o nditio n. Of335a m y岳
･dala r n e u r o n s
r e c o rded, 100(29.9%) r e6poLnded during s u ch a startle beha vi9r.･ Ofthes e, 76(22.7%)
I
r e spo nded at allofn ois e-alo n etrials a ndprepuls etrials of 1a nd12 dBabo v etheba ckgr o u nd
n ois e(e x citatio n, 49;inhibitio n, 27). Tw e nty-f
-
o u r n e u r o n s(e xcitation , 20;i去hibit o n, 4)
r e spo nded differ e ntially du ring prepuls etrials･ The se s ug ge st that the a my gdala in v olv e s
n e u ro n al co ntr ol ofprepulseinhibition a s w ella s sta rtle beha vio r.
1 . Intr odu ctio n
T he a?o u stic sta rtle r efle xis a short-latency re sp?n sein v olving a r apidm u s cle白Ⅹte n sion s/
f.le xions elicited by a s udde n a nd inte n s e a udito ry stim ulu s
(9･ 10).
I The a mplitude ofthe
sta rtle r efle xis r edu ced whe nthe str o ng sta rtle-elicitlng Stim uユu sis preceded sho rtlyby a
w e ake r stim ulu s･?r pr epuls e
8`)
･ T his-is kno w n a spr epuls einhibitio n(P PI)I which might
be r elated to s ens orim oto r gating o r･filte ring of the s e n s o ry info r m atio n.
(2)
. p p二in
s chiz ophr e nic patie ntsis defici6nt
(3)
･ se v e r alpape r ss ug gest thatlimbic c o rticalstr u ctu r e s
c o ntribute to m odulatio n of s e n s o rim otor gating
(9)
･ T he a my gdala, a m ajo r Str u ctu r ein
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thelimbic syste m , r e c eiv e sva rio u sco rticaland s ubc orticalsen s o ry Inputs
(14･2 1)
･ T helesio n
study sho w edthat the a my gdala plays a n 1.m PO rta nt r ole ofc o ntr olofsta rtle pla sticity
(5
･
7)
,
a nd als o co ntribute sto c o ntr ol ofthe P p二tbr o ugbo utthe dopa min e circuits
(4･ 23)
･ In the
pr e s e nt study, n e uro n al a ctivityin r at a my gdala w a s r e co rdedto cla rify c o ntributio n of
the a my gdalain the pr epuls einhibitio n of a sta rtlebeha vio r.
2 . M aterials a nd Methods
Subje cts Sevente e n m ale albin oW ista r rats, w eighing300-350g, w e r e u s ed･ Ea ch a nim al
w a sindividu ally ho u s ed in cle a rpla stic cage s. Anim als w e r eallo w ed a cc es sto fo od a nd
w ate r adlibitu m thr o ugho ut the e xpe rim e nt.
Su rge ry Nin e r ats w ere a n e sthetiz ed with s odiu m pentoba rbital(40 m g/kg, i.p .) a nd
r e str ain ed ina ste r e ota xic ap pa r atu s. T he skulle xpo s ed, a nd six s mall hole s w e r efa ste n ed
to the skull as a n cho r s. One of s malls cr e ws w a su sed as gr o u nd r efe re n c e. A re c epta cle
forfo u r m odified e a rba r s w a sthenfo r m ed of de ntalc e m e ntbuilt up a r o u ndthe w o rking
r eg
･
1 0 ntO pe r mit the a nim al
'
s skullto belaterfix edpainle s sly lnthe c o r re ct ste r eota xic pl
a n es. After co m pletingthe su rgery, the wou nd w as cle a n ed, a ndthe s calp w a s s ut r
･
ed.
T he r ats w e r e r etu r n ed to their ho m e c ag
･
e afte r s u rge ry, a nd allo w ed 10-14 days fo r
r ec o v e ry. On the day befo r ebegin ning u nit r ec o rding, a 2- m m-da m hole w a sdrilled, u nde r
keta min e a n e sthe sia (30mg/kg, i. m .), in the skullo v e rthe inte nded r ec o rding site(A l.8-
3.6 m m , L3.0-5.5 m m fr o mbr eg m a), a nd co v e r ed with a thin de ntal c e m e nt. The anim als
w e r e aga ln retu r n edto their ho m e c age s. Justbefo r e u nit r e c o rding, thedu r a m ate r w a s
incis ed with a fin e ne edlefo r electrodein sertio n u nde rlo c al a n e sthesia by a dr op of l%
1ido cain e.
Equipm ent T he sta rtle cha mbe r(SR-L A B, Sa m Diegoln str u m e nts, Sa m Diego, C A) w a s
u s ed in a s o u nd-in s ulated bo x. T hebo x c o n sisted of a cle a r n o n re strictiv e cylinde r r esting
o n aplatfo r min side ofa v e ntilateda nd illu min ated cha mber. Ahigh-frequ en cylo udspe aker
in side the cha mber produ cedboth a c ontin u o us backgr o u nd n ois e of 60 dBa ndthe v a rio u s
a c o u stic stim uli. M agnitude ofthe body sta rtle respo n s es w a sdete cted by a pl eZ O electric
a cc el r o m eto r m o u ntbelo wthe Ple xigla sfr a m e. T he slgn als w e r edigitized a nd sto r ed by
an inte rfa ce u nit a nd a mic r o c o mpute r.
Beha vio r al L r o c edu re T he r at w a s pla c ed in the sta rtle cha mber for 5 min with a
ba ckgr o u nd n ois ele v elof 60 dB. In the testing s es sio n, a nim al w a s e x:po s edto six type s of
trial:(1) a puls etrial in which a 40m s e c120 dBaco u stic n ois ebu r st alo n e w a spr e s e nted,
(2)fo u rpr epuls eplu splu strialsin which 20m s e c n ois ethat w e r e eithe r1, 3, 6, 12 dB
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abo v ethe ba ckgr o u nd
･
n ois e 女e repre s e nted 80m s e cbefo r ethe o n s et ofthe 120 d Bpuls e,
a nd(3) a trial which in cludedOnlyba ckgr o u nd nわis e. Allty pes oftrial w e r epr e s9nte¢10
tim e sin aps e udo r a ndo m o rde r, with ainte rtrialinte r v alof10-20s e c.
Fixed s e ssio n He ad ofthe rat w a sfix edin a spe cial ste r e ota xic ap paratu s. T he startle
Cha mbe r w a
,
s m odified fo r a ste r e ｡ta xi｡ situ
.
ati｡ n. T helo udspe ake r w a ste m ｡与ed fr o mthe
cha mbe r a nd w as s et o nthe ste r e otaxicfr a m e at the po sition of25 c m bight. T he cylinde r
chambe r with a n a cc ele r o m et r w a s setbetw e e n ste r e ota xic pa r allel fr a m es. Alltrials w e r e
l
c o ntr olled byS R-L A Bsyste m. .
Unit r ec o rdin se ssio n lT he r at w ats fix ed o n a simila r co nditio n a sthe pr e vio u sfix ed
s e s sio n. In this se s sio n, puls e- alo n e, 1 a nd 12 dB P p二trials with e a ch 5trial w e re･ c a r ried
o ut.
Rec ordin ro c edu re s a nd･data a nal sis･ A n e xtr a c elula r a ctio n pote ntial w?s r e co rded
with bipola rgla s s-c o atedtu ngste n ele ctr ode e xte nding30-50FL m beyo ndthe tip. Sign als
of u nit activity *e re a mplified with a- co n v e ntio n al pr e a mplifie r a nd co n v e rted to
sta nda rdizedpuls e sin.
a tim e windo w dis criminator ･ T he slgnal w a s七he ntr a n sfe r redto a
c o n v e ntio n al c o mpute rto m ake a pr e-po st stim ulu s histogr a m. Als o the 岳1gn als w e re
r e c o rded in the tape r占c o rde rfo rthelate r off-lin e a n alys上s.
Histolog y Follo wingthe c o n clu sioh of_
the e xpe rim e nt, the r
･
ats w er eglV e n a n O V er
･do s e
Sta仙e Re spo n s e
3 0
2 0
1 0
0
P｢epu-s e 0 l
･3 ･ 6 1 2d白
Main Puls e 1 20 1 2 0 ･1 20 1 2q 1 20 d B
Fig. 1. M agnitude of sta;tle re spor;se§du ring the､P p二tests in the testin g cha.
m be r
ー
( ●, n -8) andin
the head-fixed condition (▲ , n -9)I Vertic al axiヲ, ave r aged startle respon se s(average ove r500
m s
.
e c)･ Horiz o ntalax享s･ a m plitude ofprepulsen oI S etO 0, 1, 3,-6 and･12 d Babovethe ba ckgrou nd
I
.n oI S ebf
･60 d B. T he ?tartle re sponse de c r e as ed
'
with am plitude ofprepulseboth durin gfree m ovl ng
c o ndition and durin g the he ad-fixed c ondition .
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of s odiu m pe ntobarbital, and perfu s ed with lO% buffer edfo r m alin e s olutio n. T he br ain
w a s r e m o v ed a nd s o aked in lO% buffe r ed fo r m alin e. Fifty 〟 m thick s e ctio n s w e r e c ut a nd
stain ed with cr e syl violet. T he e xte nt ofthele sio n w a s a s se s s ed mic r o s c叩 1 Cally.
3 . Re s ults
Sta rtle beha vio r sin the he ad-fixing c o nditio n w a s atfir st c o mpa r ed with tho s ein the
testing Cha mberto co nfir m r e ap ppe a r a n c e ofthe P PI in the diffe r ent situ atiわn . Fig
･
u r e1
sho w s m agnitude of sta rtle r e spo n se sdu ringthe P PIte stsin the testing cha mber a nd in
the he ad-fix ed c o nditio n. T he sta r･tle a mplitude w a s sup pr e s s ed by the1, 3, 6 a nd12 dBof
prepulsetrialsin thefr e ely m o ving c o nditio n. T he a mplitude ofthe sta rtle stim uliin the
he ad-fixing c o nditio n w a s ag ln de c r e a s ed with the pr epuls e stim ul∈Ltio n altho ugh t he
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Fig. 21. Ex am ples of n e uro n al a ctivitiesin the threedifferent am y gdala ne urons during the P PI
tests. P 120, trial with only 120 d Bn ois e stim ulus. P IP120, P12P 120, trj.als with 1 d Bor 12d B
abov ethe backgrou nd n oise as prepulse a mplitude. A and B. Exa mple s of neu rons re sponded
differentiallyto n oise- alone, or prepulsetrials. C. Ex am ples ofn e u r o n s r e spondedn on -differentially
to nois e- alone and prepulse trials.
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a mplitudei-s slightlyhigher a s sho w nin the Fig. 1.
Of 335a my gdala r n?u r o n s r e c o rded,
■100(29･9%) r espo nded during n ois e-alo n e a nd/o r
prepuls etrials(Table 1). Oftho s e, 24(7.2% )r e spo nded diffe r e ntially to the n ois e-alo n e
o rpr epuls etrials. Figure 2 sho w s e x a mples of n e u r o n al a ctivitie sin the thre ediffe r e nt
a my gdala r n e u r o n sdu ringthe P PIte sts･ So me n eurons r e spo nded diffe r e ntiallyto n oise-
alo n e(Fig. 2 A), o rpr epuls etrials(Fig. 2 B). A n othe r n e u r o n s r e spo nded,n o n-diffe r e ntially
to n ois e-alo n e a nd pr epuls e trials (Fig. 2C). Of d由e r e ntial r e spo nded n e u rons, ll
re spo nded o nly pr?puls etrials(Table1)I
Table 1. Su mm ary ofthe re sponding a nd rec o rding neqr o n s･
Re c o rded Ne u ｢o n s 33 5
Re spo nded n e u｢ons 1 0 0(29.9 %)
No n-diffe re ntialre spo n s e s 76(22･7 %) (I,4 9:1,27)
Diffe re ntialre spo n s e s 2 4･(7.2 %)
P1 2 0 PI P1 2 0 P1 2 P 1 20
† 6
l 3
l † 7
卜 十 1
十 1
4. Dis c u s sio ns
つ
Ou r e xpe rim e ntaldata show that the s o m e a my gdala n e u r o n sin v olv ein the r egulatio n
ofthe P p二. T he am plitude
l
ofthe sta rtle re spo n seis r edu ced whe n the str o ng sta'rtle一
古liciting stim ulu sis pr e ceded sho rtly by a w e ake r stim ulu s. T hisis tho ught to refle ctthe
pr o ce s s ofs e n s o rim otor.g
atlng under theinflu e n c e of m es o a cc u mbaldopa min e syste m
(18･20)
T he P PI is disrupted by e x c es siv e stim ulatio n of dopa min e re c epto r占 op m ediu m spl ny
n e u r o n s ofthe v entr al striatu m(19)･･ T he a my gdala c o n n ects withthe ventral striatu m .
Ba s olate r al a mygdala (B LA) eie ctric al stim ulatio nindu c es eithe r e x citatio n?rinhibitio n
of v e ntr al striatu m n e u r o n s･ 'Quin olinic a cid le sio n s ofthe B L Asignific?ntly r edu c ed P PI
witho ut signific a ntly cha nglng Sta rtle a mplitude
(23)
･
Thes e s ug ge st that the a my gdala
plays a r olein s e n s o rim oto rgating m e cha nisrlS.
An ato mic ally, the a my gdala receiv e sinfo r m atio nfr o m alls e n s o ry m odalities via the
a s s o ciatio n c o rte x?nd fr o mthe thala mu s
(ll)
･ Auditoryinform atioヮ9dm e sfr o m a udito ry
co rte x a ndthala m u s(1?)･ A m y gdala r n e u r o n s r espo nded･to the a udito ry stim ulu s a s s o ciated
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with c. nditio n ed r.ew a rd and ave r sion (13･ 22). In the fear conditio'n edta sk a s s o ciated with
to n e
,
the n e u r o ni late r al a my gdala re spo ndedto the c o nditio n ed stim ulu s
(1
･
15- 17)
･
This
s ugge sts that the a my gdala n e u r o n s c ode a udito ry info r m atio nin le a.r n l ng. Ou r data
s uppo rted this hy pothe sis. Ho w ev er, it is uncle a r w he rethe orlglIltO Startle tone
info r m atio nis in the sta rtle r efle x. T he to n e slgn al go e sinitially to c o chle a r n u cle u s
thro ugh VIIIner v e ro ot, a nd the n to the v e ntr alhalfofthe n u cle u s′ r eticula ris po ntis
c a udalis(R P C)(
6･ 24)
. T he R P Cn e u r o n sproje cts dir ectly to the m otone uron in the spinal
c o rd thatindu c e sthe body r efle x. On the othe r ha nd, the to n e slg
･
n al pr oje cts to the
tbala m u sthr o ughthe co chle a r n u cle u s, a nd to thelateral n u cle u s of 地e a my gdala
(ll)
T his pr oje ctio n of the to n einfo r m atio n mightindu c ethe ton e re spon sivenes sin the
a my gdala.
We obse r ved s ele ctive neu r o ns that re sponded only du ring the P p二trials. Itis r epo rted
that the PP Imight r egulate in the m e s olimbic syste m in the C N S. So m efe edba ck
info r m atio n might s e ndto the a my gdalafr o mthe a cc u mbe n s n u cleu s,fo r ex arnple.
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